Accurate normalization in real-time quantitative PCR is an important step in quantification of gene transcription pattern, in which proper application of stable reference gene(s) is crucial. To identify the most stable reference gene (s) in pulmonary hypertensive chickens, from a panel of 9 typical candidate genes, the expression of ACTB, HMBS, HPRT1, RPL13, RPL32, 18SrRNA, TBP, TFRC, and YWHAZ was determined in the lung and heart (right ventricle) of both healthy and cold-induced pulmonary hypertensive chickens at 42 d of age. The BestKeeper, geNorm, and NormFinder software programs were used to analyze this set of genes. Also, the ratio of right ventricle to the total ventricle was used as an index of induced pulmonary hypertension, which increased in the cold-treated chickens compared to the control at 42 d of age. Candidate reference genes ranking in the lung of pulmonary hypertensive chickens vs. healthy individuals included RPL13, YWHAZ, HMBS, ACTB, HPRT1, TFRC, RPL32, 18SrRNA, and TBP; those in the heart were YWHAZ, RPL13, HMBS, ACTB, HPRT1, TBP, 18SrRNA, TFRC, and RPL32; and those in the heart-lung combination included RPL13, YWHAZ, HMBS, HBRT1, TFRC, ACTB, 18SrRNA, RPL32, and TBP. The overall results showed that the most stable genes are YWHAZ, RPL13, HMBS, ACTB, HBRT1, TFRC, TBP, RPL32, and 18SrRNA, respectively. In addition, the combination of YWHAZ, RPL13, and HMBS is recommended as the reference gene panel for more accurate quantitative data normalization of heart or lung in the chicken pulmonary hypertension.
INTRODUCTION
Pulmonary hypertension syndrome (PHS) is a major problem in the broiler chickens during rearing. This syndrome extends in poultry industry along with the increase in the growth rate of chickens. The high growth rate elevates the demand of chicken body for more oxygen, and the cardiopulmonary system is forced to respond to this demand, resulting in the overload of right ventricle, increasing the rate of blood flow into the pulmonary arteries (Wideman et al., 2013) . Pulmonary vasculature with its limited anatomical capacity is incapable of accommodating ever-increasing blood flow rate, leading to inappropriate higher tone as well as development of excessive resistance in pulmonary vasculature. It has been suggested that lack of balance between mediators of pulmonary arterioles (vasoconstric-C 2018 Poultry Science Association Inc. Received February 16, 2018 . Accepted May 25, 2018 Corresponding author: Hassanpour-h@vet.sku.ac.ir tors and vasodilators) might be the main factor in the elevation of vascular resistance and PHS occurrence. Molecular aspects of PHS are critical for understanding of its pathogenesis. Several studies have focused on the evaluation of transcription/translation of mediators and their signal transduction in the cells during PHS occurrence (Wideman et al., 2013; Hassanzadeh et al., 2014) .
Of course, PCR techniques play a major role in today's cellular and molecular biology, and real-time quantitative PCR (RT-qPCR) is the best method for quantifying nucleic acids (Kubista et al., 2006) . Two aspects of this method are noticeable: 1) quantification process consists of standard procedure, assay quality, and calculation method; and 2) normalization of samples to improve differences in gene inputs (Dorak, 2007) . In the RT-qPCR, a reference gene (housekeeping gene) is used to determine the precise relative expression of transcripts as well as their fold changes (Wong and Medrano, 2005) . In order to act as a reference, the expression of a gene must remain unchanged and stable 4048 regardless of treatment. However, it has been reported that the expression of these genes is not absolutely stable in different types of tissues, cells, disease stages, and treatments (Vandesompele et al., 2002; Gu et al., 2011) . Therefore, identifying a stable housekeeping gene can be critical when it is expressed differently across the specimens (Suzuki et al., 2000; Kozera and Rapacz, 2013) .
In this study, our aim is to offer the best reference gene(s) for application in the molecular studies of heart and lung tissues in the pulmonary hypertension of broiler chickens. Three software packages, geNorm, BestKeeper, and NormFinder, are used as assessing tools to test the overall gene stability among 9 potential housekeeping genes, ACTB, HMBS, HPRT1, RPL13, RPL32, 18SrRNA, TBP, TFRC, and YWHAZ.
MATERIALS AND METHODS

Bird Management and Induction of Pulmonary Hypertension
All the procedures employed in this experiment were approved by the Institutional Animal Care and Use Committee of Shahrekord University. A total of 60 1-day-old male Ross 308 broiler chickens were assigned to a control or a treatment group (30 birds per group). Each group was housed in a separate room, and randomly divided into 3 equal replicates of 10 chickens per pen (3 pen/room). They were reared on wood shavings under standard conditions for 42 d, and provided ad libitum access to water by water dispensers and a standard ration by feed dispensers. To induce pulmonary hypertension in the treatment group (as the PHS group), temperature in one of the rearing rooms was reduced according to a program suggested by Teshfam et al. (2006) and Hassanpour et al. (2016) . Throughout the rearing period, mortality was recorded daily, and dead broilers were examined for lesions of ascites, especially heart failure.
Tissue Preparation and Estimation of Pulmonary Hypertensive Index
At 42 d, 12 chickens from each experimental group (4 birds/pen) were randomly selected, decapitated, and their hearts and lungs were harvested. According to Hassanpour et al. (2009) , heart ventricles were dissected from vessels/atria and weighed. Then, the weight ratio of right ventricle to total ventricle (RV: TV ratio) was calculated as an index of pulmonary hypertension. As described by Wideman (2001) , the increment of this ratio above 0.29 is regarded as an indication of the pulmonary hypertension in the broiler chickens. Morbidity of this syndrome is estimated according to this ratio. The heart (right ventricle) and lung tissues were immediately frozen in liquid nitrogen, and stored at −70
• C until RNA extraction.
Total RNA Isolation, DNAase Treatment and cDNA Synthesis
To extract total RNA, tissues of lung and right ventricle (100 mg) were homogenized in liquid nitrogen under aseptic conditions. RNX-PLUS solution (Sinaclon Bioscience, Karaj, Iran) containing guanidine and phenol was added to homogenized samples. After adding chloroform, the mixture was centrifuged at 6,000 g and 4
• C for 15 min. The upper aqueous phase of supernatant was separated, total RNA was precipitated with isopropanol (100%), and centrifuged (6,000 g, 4
• C, 10 min). After discarding upper liquid, the visible white pellet containing RNA was washed by ethanol (75%). Upon centrifugation at 6,000 g for 5 min, the pellet was resuspended in DEPC-treated water (Ahmadipour et al., 2015) .
To remove genomic DNA contamination, the extracted RNA was treated by RNase-free DNaseI and its buffer (Sinaclon Bioscience, Karaj, Iran) and incubated at 37
• C for 30 min. The reaction was stopped by EDTA, and RNA was loaded onto agarose gel (1.5%) for electrophoresis. Discrete 18S and 28S rRNA bands were considered as a qualification index for the extracted RNA. To assess the purity of the latter, its absorbance ratio (A260/280) was measured by spectrophotometry. The samples with the ratio between 1.8 and 2.2 were considered as good quality RNA for cDNA synthesis .
Shortly after extraction, total RNA (1 μg) was reversely transcribed into cDNA (about 4 h) in a 20 μL reaction volume using the PrimeScript TM RT reagent Kit, offered by the manufacturer (Takara Bio Inc., Shiga, Japan). The thermal program for cDNA synthesis included the following 3 steps: 37
• C for 15 min (reverse transcription), 85
• C for 8 s (inactivation of the reverse transcriptase), and 4
• C (cooling). The synthesized cDNA was then stored at −20
• C (Ahmadipour et al., 2015) .
Real-time PCR
Real-time PCR was used to determine the RNA transcription level of the 9 candidate reference genes in heart and lung of the healthy and pulmonary hypertensive chickens. The threshold cycle numbers (Ct) (number of cycles required for the fluorescence to provide a specific threshold level of detection) of ACTB, HMBS, HPRT1, RPL13, RPL32, 18SrRNA, TBP, TFRC, and YWHAZ transcripts were determined by real-time PCR using SYBR Premix Ex Taq II kit (Takara Bio Inc., Shiga, Japan). The full name and function of candidate reference genes are stated in Table 1 . Specific primers of these genes were designed with Primer-Blast (www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi? LINK˙LOC=BlastHome). The expected PCR products of primers were tested in Nucleotide-Blast (www.blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM = blastn&PAGE˙TYPE = BlastSearc h&LINK LOC = blasthome), which found no similarity with other chicken (Gallus gallus) genes. The set of primers and their details are listed in Table 2 . The thermal program for amplification was provided by a real-time thermocycler (Rotor Gene Q 6000, Qiagen, Valencia, CA) for each sample in 3 replicates. Complementary DNA (0.6 μL) was added to the 5 μL of SYBR Premix Ex Taq II Mix and 0.5 μM of each specific primer in a total volume of 10 μL. The PCR program was 40 cycles of 94
• C for 30 s, 60 to 63
• C for 25 s, and 72
• C for 20 s. At the end of each phase, the amount of fluorescence was measured for quantification. Possible contamination of PCR buffers and reagents were monitored using the no-template (water sample) and no-reverse-transcriptase controls. The melt curve of each applicant was considered to assess the specificity of primers/amplicons and the absence of primer dimer formation (Figure 1 
Data Analysis for Determining Gene Expression Stability
To determine the stability rate of gene expression, 3 different statistical algorithms, including BestKeeper, geNorm, and NormFinder, were applied. These methods use Ct values to determine the most stable genes. In the BestKeeper approach, the intergene relationship, the Pearson correlation coefficient, the sample integrity, and the expression stability within each candidate gene were calculated by an intrinsic variance of expression. The gene data indicating higher correlation values are incorporated to calculate the geometric average of Ct values as BestKeeper index. Then, the Pearson's correlation coefficient is counted between each candidate gene and the index, which provides an estimation of the participation of the gene to that index (Pfaffl et al., 2004) .
The calculating process in the geNorm program is based on normalized Ct values, in which an individual gene values are normalized to the sample with the least Ct value (the highest expression) for that gene. The normalized Ct values are estimated according to Vandesompele et al. (2002) . In this approach, the pairwise variation of a specific gene is characterized with all other control genes as the standard deviation of the logarithmically transformed expression ratios. The internal control gene stability (M) is determined as the mean of the pairwise variation of one gene with other candidate genes. The less M value means that the expression of gene is the most stable. To choose the best candidate reference gene (s), the geNorm method again counts the M stability after elimination of the least stable gene, and repeats the analysis until only the 2 most stable genes stay. The geNorm approach also determines the minimum number of reference genes required for proper data normalization via calculating a pairwise variation (V) between using n (number) and n+1 reference genes. The high V values show a considerable effect of the extra gene on data normalization and affirm the necessity of including this gene among the controls (Vandesompele et al., 2002) . The NormFinder is an approach that uses normalized Ct values and estimates both the overall variation of the candidate normalization genes and the variation between subgroups of the same samples. This method applies the intra-and intergroup variations to calculate a stability value for each gene, which offers a practical quantity of the systematic error that will be introduced when using the evaluated gene. Candidate reference genes can then be ranked based on the stability value, where the least values correspond to the most stable genes (Andersen et al., 2004; Staines et al., 2016) .
Statistical Analysis
The results of RV: TV are presented as means ± SE. The statistical analysis was performed using SPSS 16.0 (SPSS, Chicago, IL) and Student's t test to compare the means of RV:TV between healthy and PHS chickens. Statistical differences was considered significant at P < 0.05.
RESULTS
Pulmonary Hypertensive Index
As an index of induced pulmonary hypertension at 42 d of age, the RV:TV ratio was higher (P = 0.012) in the heart samples of chickens exposed to low temperature (0.355 ± 0.018) compared to healthy chickens (0.219 ± 0.006). The gross pathological signs of ascites e.g., hydropericardium, accumulation of fluid in the abdominal cavity, and enlargement of heart and liver was observed in most of the cold-treated chickens at 42 d. PHS-related mortality was 21% in cold-treated chickens. 
Ranking of Candidate Reference Genes in the Heart
The stability ranking of the 9 examined genes in the heart of pulmonary hypertensive chickens vs. controls calculated by NormFinder is as follow (in order of most stable to the least): YWHAZ, HMBS, TBP, RPL13, HPRT1, 18SrRNA, TFRC, RPL32, and ACTB. Likewise, BestKeeper ranked the stability of these genes as HMBS, ACTB, RPL13, YWHAZ, HPRT1, TBP, TFRC, 18SrRNA, and RPL32, while the geNorm ranked them in the order of YWHAZ, TBP, ACTB, RPL13, 18SrRNA, HPRT1, HMBS, RPL32, and TFRC. The overall mean results of the 3 used software programs showed that the most stable reference genes in the heart of chickens consisted of YW-HAZ, RPL13, HMBS, ACTB, HPRT1, TBP, 18SrRNA, TFRC, and RPL32, respectively (Table 3) .
Ranking of Candidate Reference Genes in the Lung
The stability ranking of the examined genes in the lung of pulmonary hypertensive chickens vs. healthy chickens by the 3 softwares is presented below:
NormFinder: RPL13, RPL32, YWHAZ, HMBS, ACTB, HPRT1, TFRC, TBP, and 18SrRNA.
BestKeeper: RPL13, ACTB, YWHAZ, HMBS, HPRT1, TFRC, 18SrRNA, RPL32, and TBP. geNorm: YWHAZ, RPL13, ACTB, HMBS, RPL32, HPRT1, TFRC, 18SrRNA, and TBP. The overall mean results of the 3 programs indicated that the best stable reference genes in lung of healthy and pulmonary hypertensive chickens consisted of RPL13, YWHAZ, HMBS, ACTB, HPRT1, TFRC, RPL32, 18SrRNA, and TBP, respectively (Table 4) .
Ranking of Candidate Reference Genes in both Heart and Lung
The stability ranking calculation of the candidate reference genes in combined heart-lung of pulmonary hypertensive chickens vs. healthy chickens by 3 used softwares is presented below (in order of most stable to least stable):
NormFinder: RPL13, HMBS, YWHAZ, ACTB, HPRT1, TBP, TFRC, 18SrRNA, and RPL32.
BestKeeper: HMBS, HPRT1, TFRC, RPL13, ACTB, YWHAZ, RPL32, 18SrRNA, and TBP.
geNorm: YWHAZ, RPL13, ACTB, HMBS, HPRT1, RPL32, 18SrRNA, TFRC, and TBP.
The overall mean results from these 3 programs presented the following as the best stable reference genes: RPL13, YWHAZ, ACTB, HMBS, HPRT1, TFRC, TBP, RPL32, and 18SrRNA, respectively (Table 5) .
In geNorm program, pairwise variation analysis was carried out between the normalization factors NFn and NFn+1 to estimate the optimal number of reference genes for normalization. Only a combination of the most stable genes with a pairwise variation value less than the cut off value of 0.15 is proposed as adequate number of genes (Ghasemi et al., 2017) . None of the geNorm results was lower than 0.15 (not shown); then, it was not possible to determine optimal number of reference genes by this approach. Table 5 . Candidate reference genes ranking in both heart and lung of pulmonary hypertensive chickens vs. healthy chickens. 
Overall Resultant of Analysis
While there were differences in the ranked order presented by all 3 analysis programs for the lung, heart, and their combination, overall resultant of the analysis indicated that candidate reference genes could be ranked as YWHAZ, RPL13, HMBS, ACTB, HPRT1, TFRC, TBP, RPL32, and 18SrRNA (Figure 2) . Commonly, 3 or 4 reference genes are recommended for normalization (Pfaffl et al., 2004; Dorak, 2007) , then we suggest a combination of YWHAZ, RPL13, and HMBS genes as appropriate choice for an accurate normalization strategy in the pulmonary hypertension of broiler chickens.
DISCUSSION
Low temperature is one of the most important factors involved in inducing pathophysiological cascade in the broiler chickens leading to PHS. This cascade starts with increased metabolic rate/oxygen requirement, and finishes with the overload pressure on the right ventricle, culminating in right ventricular dilation/failure. Hence, according to Hassanpour et al. (2011) and Wideman (2001) , the ratio of RV:TV can be a valuable index for expressing right ventricular hypertrophy and PHS. In support of this, the results of current study show a considerable increase in the RV: TV ratio in the cold-treated chickens, which confirms the induction of pulmonary hypertension. The aim of this experiment was not to find the best reference genes in chickens which were kept at low temperature, then the sampling at the end of the experiment (42 d) was enough to determine the best reference genes in PHS.
In order to select the most suitable reference for gene expression normalization in the broiler chickens with PHS, we analyzed 2 critical tissues i.e., heart and lung, which are the most effective sites of this syndrome. Moreover, selection of the most suitable gene(s) to normalize Ct values is also essential for precise evaluation of the gene expression changes. In addition, HMBS  ACTB  HPRT1  TBP  18SrRNA  TFRC  RPL32  RPL13  YWHAZ  HMBS  ACTB  HPRT1  TFRC  RPL32  18SrRNA  TBP  RPL13  YWHAZ  ACTB  HMBS  HBRT1  TFRC  TBP  RPL32  18SrRNA  YWHAZ  RPL13  HMBS  ACTB  HBRT1  TFRC  TBP  RPL32  18SrRNA   Lung  Heart Heart & Lung Overall Result
Most stable gene Least stable gene Figure 2 . The overall results (mean) of the most stable reference genes in lung, heart, lung/heart, and mean of all in pulmonary hypertensive chickens.
the critical character of a suitable reference gene is its stable expression under all pathophysiologic situations in all cells; however, no such ideal reference gene(s) has been found for pulmonary hypertension (Dheda, et al., 2004) .
BestKeeper, geNorm, and NormFinder programs have commonly been used in the previous studies for evaluating reliable housekeeping genes, although some studies have used other approaches such as comparative delta-Ct and RefFinder (Bagés et al., 2015; Mitra et al., 2016) . It should be noted that analytic methods may result in different outputs in denoting the most stable genes. Therefore, it is more logical to apply the outputs of several analytic approaches for selection of reliable reference genes, as is done in the present study.
We found that the use of the 3 selected software programs was simple and direct, each estimating an easily available quantity of gene expression stability. It seems that the geNorm program is more amenable to use; those using BestKeeprer can easily consider various stages of calculation and use equations observed in this software. Besides, BestKeeper facilitates the direct input of cycle threshold values of genes, and notes their missing values. It is based on an Excel spreadsheet, without a simple user interface. Conversely, NormFinder is based on normalized Ct values as input identical to geNorm. However, unlike the latter, it does not consider missing values, and does not show the equations used in its calculations (Ghasemi, et al., 2017) .
Many studies have been carried out to pinpoint the reliable reference genes in tissues of birds (Li et al., 2005; Olias et al., 2014; Zinzow-Kramer et al., 2014; Bagés et al., 2015) . The single most often used nonvalidated reference gene in chicken tissues employed in many gene expression studies of pulmonary hypertension (ascites) includes ACTB (Hassanpour et al., 2010; Zhang et al., 2011 Zhang et al., , 2013 Hassanpour et al., 2016) , HPRT1 (Gomez et al., 2007; Rojas et al., 2012) , GAPDH Settle et al., 2015) , and 28SrRNA (Hamal, et al., 2010) . In the present study, we ranked 3 best stable reference genes as YWHAZ, RPL13, and HMBS that could be appropriate in the gene expression study of chicken pulmonary hypertension especially in the heart and lung tissues. These genes have already been selected as reliable reference genes in previous studies (YWHAZ in the studies of Bagés et al., 2015 and Olias et al., 2014; RPL13 gene in the studies of Katarzyńska-Banasik et al., 2017 , Mitra et al., 2016 , and Zhang et al., 2017 ; HMBS in the studies of Nascimento et al., 2015, and Zhang et al., 2017) . Of course, unlike our study, their target tissues were not heart and lung, or avian species were not the chicken (Gallus gallus) (the muscles, liver, and abdominal fat of chickens in the study of Bagés et al., 2015 ; the brain and gonad tissues of mallard, chicken, crane, eagle, turkey, cockatiel, penguin, ostrich, and zebra finch in the study of Olias et al. 2014 ; the ovarian tissue of chicken in the study of Katarzyńska-Banasik et al., 2017 ; the spleen, liver, cecum, and cecal tonsil tissues of turkey and layer/broiler chicken in the study of Mitra et al., 2016 ; the liver and jejunum of yellow-feathered broilers in the study of Zhang et al., 2017 ; the muscle of broiler chickens in the study of Nascimento et al., 2015 ; the chicken embryo fibroblasts in the study of Yin et al., 2017) .
One of the major factors influencing the selection of a reliable reference gene is type of challenge used in an experiment. In the previous studies, the best reference genes were determined in birds after different challenge types e.g., silver nanoparticle treatment (Katarzyńska-Banasik et al., 2017) , different infection models (Mitra et al., 2016; Yin et al., 2017) , lysine supplementation (Nascimento et al., 2015) , and different mitogens (Borowska et al., 2016) . However, in our study, the occurrence of PHS was the major challenge for chicken heart/lung tissues; then, it is logical if the results of this study are not completely similar to previous studies. For this reason, reporting of 18SrRNA, RPL32, and TBP as the most unstable housekeeping genes in this study was in contrast to Bagés et al. (2015) , Olias et al. (2014) , and Borowska et al. (2016) .
However, based on the mixed results of previous studies, it can be deduced that a statistically significant difference observed in expression levels of target genes in various studies sorely depends on the stability level of reference gene used for normalization of the target gene expression (Yin et al., 2011) . As is noted in different studies, critical factors such as animal species, type of cell and tissue, biological conditions, and sort of challenge in the cell can strongly affect the results of best stable reference gene(s). Thus, it is important to find the best reference gene for each individual tissue under study with a specific challenge.
In this study, a reference gene assay was designed for reliable normalization of quantitative real-time PCR data, obtained from the heart and lung tissues of healthy and pulmonary hypertensive chickens. The profiling of the gene expression pattern of 9 putative reference genes by BestKeeper, geNorm, and NormFinder programs offered a ranking order of YW-HAZ, RPL13, HMBS, ACTB, HBRT1, TFRC, TBP, RPL32, and 18SrRNA. Of these, the combination of YWHAZ, RPL13, and HMBS can be considered as the most suitable reference genes to facilitate accurate gene expression studies of chickens with pulmonary hypertension.
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